Abstract
Another requirement in using remotely sensed data, besides field validation, is that spatial 57 resolution should be adequate to recognise the surveyed surface, in order to reduce the presence of 58 mixed pixels, which could lead to wrong estimations of parameters. Instead, in the European Alps, grasslands are typically located in the alpine zone, which is generally 72 fragmented between lower woody and higher rocky habitats, with a consequent higher spatial 73 heterogeneity (at these elevations large uplands are uncommon, especially in the Western Alps). 74
The high heterogeneity of grasslands in the European Alps entails that pure grassland 250 m pixels 75 tend to be enclosed by mixed pixels, adding noise to the estimates when using NDVI as the only 76 predictor of the nutritional content of pastures. 77
Being able to reliably estimate changes in the nutritional value of alpine grasslands over the last 78 decades might be critical for better understanding the population dynamics of alpine herbivores. 79
The case of the population of Alpine ibex (Capra ibex) in the Gran Paradiso National Park (GPNP, 80
Northwester Italian Alps) is particularly emblematic: the dynamics of the population, estimated 81 
Methods

99
Study area
100
All field data have been collected within the territory of the GPNP (45.40° -45.65° N, 7.07° -7.58° 101 E). The morphology of this area is typical of western Italian Alps, with high altitudinal ranges: 102 valley bottoms are located between 1000 and 2000 m, while ridges rarely are at less than 3000 m 103 (the highest altitude is reached at 4061 m, at the top of Gran Paradiso). Grasslands are located in the 104 middle part, in the alpine zone (2200-2700 m), between woodlands and snow habitats (rocks, screes 105 and glaciers): for this reason grassland surface appears very fragmented. Also the lithological 106 composition of the area is quite heterogeneous, due to the presence of both calcareous and siliceous 107 formations (calcschist ophiolite units -which are present mainly in the western part of the GPNP -108 define a mosaic of acid and basic soils, while granite gneisses -found mostly in the eastern part -109 are mainly acid). This condition, together with the heterogeneity in the exposure of mountainsides 110 (mainly South in the southern part and East or West in the northern, but very variable due to the 111 presence of a lot of deep small valleys), contributes to the presence of diversified plant communities. 112
Field data
113
Field data were collected during the 2012 growing season within 19 experimental plots, the 114 maximum number of plots which one single operator can sample within the given time interval (see 115 computed from its image with a bidimensional 3 × 3 kernel gaussian lowpass filter (σ = 1), taking 174 into account the distance from each plot to the centres of the nearest pixels. To filter unrealistic 175 extreme variability from our data, values identifiable as isolated peaks or pits (NDVI values whose 176 difference from both the preceding and the succeeding value was more than 0.1) were first erased; 177 then the series were smoothed by fitting a local polynomial regression [Cleveland et al., 1992 ] 178 between NDVI and time. With these methods seasonal series resulted more homogeneous, but they 179 are not continuous, since only one value for each period of eight days is available. To obtain daily 180 values for each time series, the predictions were extended using a spline interpolation [Press et al., 181 1992] . 182
The NDVI values were extracted from this preprocessed daily dataset in order to relate to each field 183 record (using values which refer to the exact days of acquisition of each field sample); time series 184 of experimental plots are shown in Figure 3 . This work-frame has been used also for the field data 185 collected in 2013. 186 better highlights the lack of direct correlation between these two quantities (see Table 2 However, in this paper only NDVI was considered because additional MODIS spectral bands, 378 required for the computation of most of these indices (typically blue or green bands), are not 379 available at 250 m resolution. Making a spatial disaggregation of these bands or using data at 500 m 380 or 1 km spatial resolution was avoided, since it could be potentially misleading in the context of 381 high environmental heterogeneity of our study area. Equally, the use of different remotely sensed 382 data (multi-spectral or hyper-spectral) appeared inconsistent with the perspective of an analysis of 383 the vegetation dynamics in the past, since a temporal resolution of few days is required in the 384 context of our study area (in which cloud cover is frequent), and in our knowledge no other data 385 sets with a sufficiently good temporal resolution are freely available for the past fifteen years. 386
This study showed how satellite data can be useful to estimate some important bromatological 388 properties of alpine grasslands. The possibility to estimate phenological predictors from MODIS data allowed to make predictive 397 models of nutritional variables; anyway, it is evident that not all these variables can be predicted in 398 the same way and with the same accuracy. Our results showed that the defined models allow to 399 make predictions on biomass, crude protein, NDF digestibility at 24 hours and neutral detergent 400 fibre, but not on NDF digestibility at 240 hours, acid detergent fibre and lignin. In the case of 401 biomass, protein and neutral detergent fibre (and partially with NDF digestibility at 24 hours) the 402 goodness of these models for doing temporal extrapolations was confirmed by validating them with 403 2013 data. 404
Our findings pave the road for a multi-annual analysis of changes in nutritional content of Alpine 405 grasslands in terms of crude protein, NDF digestibility at 24 hours, neutral detergent fibre and 406 biomass, which could be potentially useful to better understand the complex effects of climate 407 change on the population dynamics of Alpine herbivores. However, in order to predict variable 408 depending on specific seasonal condition with empirical multivariate model it is convenient to have 409 a calibration dataset that includes multi annual data; so, to improve temporal robustness the 410 recalibration of the models with field data collected in other seasons appears convenient before 411 operationally use them. 412
Beeri O., Phillips R., Hendrickson J., Frank A.B., Kronberg S. (2007 Li G., Wang D., Liu S., Fan W., Zhang H., Xin X., Zhang H. (2010 Supplementary material S1: estimation of BGS from NDVI time series 714 The procedure used to estimate the date of beginning of growing season (BGS) is here described. 715
The aim is to identify a threshold relative value t of the maximal annual NDVI range which can be 716 considered as the value corresponding to the start of grass growth. The method proposed by Fontana 717 et al. [2008] was used; t was recomputed considering BGS as the day when the mean grass height 718 (measured as described in paragraph Field data) exceeds the value of 5 cm. To compute this value, 719 our 2012 field time series were interpolated with a spline to obtain daily values, as done for NDVI. 720
Only 11 of 19 plots were used (in the 8 rejected plots, mean grass height was already greater than 5 721 cm in the first sampling). For each of the possible t thresholds (the 99 percentiles of each NDVI 722 range), the days dt when seasonal series reached t were computed. To avoid the influence of false 723 detection in not meaningful period (winter), the first 100 days of the solar year were not considered. The method resulted efficient, allowing both to select the best threshold value (t = 0.51) and to well 731 estimate the field measured BGS date (adj-R 2 = 0.84). 732 To check that this threshold is not only unbiased but also a good estimator of BGS, the adjusted R 
